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In the title compound, C22H17CIN4O2S2, both benzoyl groups 
are trans to the thiono group across their C— N bonds. The two 
methylene carbamothioyl formamide fragments of the 
benzoylthiourea side arms make a dihedral angle of 
87.00 (10)°. The molecule is stabilized by intramolecular N— 
H ■ O, N-H- ■ S and C-H- ■ -S hydrogen bonds. In the 
crystal, molecules are linked by N— H- ■ O and N— H- ■ S 
intermolecular hydrogen bonds into zigzag chains along the a 
axis. 

Related literature 

For the structure of related biscarbomothioyl thiourea 
compounds, see: Thiam et al. (2008); Yusof et al. (2008); Woei 
Hung & Kassim (2010). For bond length data, see: Allen 
(2002). 




Triclinic, PI 
a = 9.637 (4) A 
b = 10.820 (4) A 
c = 11.370 (4) A 
a = 84.443 (8)° 
B = 68.706 (8)° 
y = 86.551 (9)° 

Data collection 

Bruker SMART APEX CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 
r mi „ = 0.928, r m „ = 0.965 

Refinement 

R[F 2 > 2a(F 2 )] = 0.066 

wR(F 2 ) = 0.173 

S = 1.08 

4083 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1099.1 (7) A 
Z = 2 

Mo Ka radiation 
li = 0.39 mm -1 
T = 298 K 

0.49 x 0.16 x 0.09 mm 



12132 measured reflections 
4083 independent reflections 
3107 reflections with / > 2a(I) 
R iM = 0.042 



280 parameters 

H-atom parameters constrained 
A/w = 0.79 e A~ 3 
Ap mi „ = -0.30 e A~ 3 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


N2-H2/1- ■ -S2 


0.86 


2.86 


3.443 (4) 


127 


N2-H2A-01 


0.86 


1.91 


2.621 (5) 


140 


N3-H3/1-02 


0.86 


1.96 


2.642 (3) 


135 


cio— moA- ■ -si 


0.93 


2.61 


3.173 (5) 


120 


N1-HL4---02' 


0.86 


2.51 


3.328 (5) 


159 


N4-H4.4- ■ S2" 


0.86 


2.81 


3.476 (4) 


136 


Symmetry codes: (i) — x 


-v, -z + 1; (li) 


-x+1,- 


-y, -z + 1. 





Experimental 

Crystal data 
C2 2 H 17 C1N 4 0 2 S 2 



Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT (Bruker, 2000); program(s) 
used to solve structure: SHELXTL (Sheldrick, 2008); program(s) 
used to refine structure: SHELXTL (Sheldrick, 2008); molecular 
graphics: SHELXTL (Sheldrick, 2008); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008), PARST 
(Nardelli, 1995) and PLATON (Spek, 2009). 

The authors thank the Universiti Kebangsaan Malaysia and 
the Ministry of Higher Education, Malaysia, for financial 
support (grant No. UKM-GUP-NBT-08-27-110) and research 
facilities. Study leave granted to UMO from the Universiti 
Malaysia Terengganu is very much appreciated. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FF2008). 



References 

Allen, F. H. (2002). Acta Cryst. B58, 380-388. 

Bruker (2000). SADABS, SMART and SAINT. Bruker AXS Inc., Madison, 

Wisconsin, USA. 
Nardelli, M. (1995). J. Appl. Cryst. 28, 659. 
Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 
Spek, A. L. (2009). Acta Cryst. D6S, 148-155. 

Thiam, E. I., Diop, M., Gaye, M., Sail, A. S. & Barry, A. H. (2008). Acta Cryst. 
E64, o776. 

Woei Hung, W. & Kassim, M. B. (2010). Acta Cryst. E66, o3182. 
Yusof, M. S. M., Ayob, N. A. C, Kadir, M. A. & Yamin, B. M. (2008). Acta 
Cryst. E64, o937. 



M r = 468.97 



o1286 Yamin and Osman 



doi:10.1 107/S1 60053681 1014954 



Acta Cryst. (2011). E67, o1286 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, ol286 [ doi:10.1107/S1600536811014954 ] 

l,2-Bis(A^-benzoylthioureido)-4-chlorobenzene 

B. M. Yamin and U. M. Osman 

Comment 

Bis-carbonoyl thiourea compounds are relatively less reported than their mono-carbonoyl thiourea derivatives. The title 
compound contains two benzoyl thioureido groups connected by 4-chlorobenzene bridge at 1, 2 position (Fig.l). The 
C7 — 01 and C16 — 02 bond lengths in the both side arms of 1.220 (5) and 1.230 (5) A, respectively, are slightly longer 
than the normal C=0 double bonds (1.200 A) and comparable to those in l,2-bis(A''-benzoylthioureido)benzene (Thiam 
et al. 2008) and l-benzoyl-3-[4-(3-benzoylthioureido)-phenyl]thiourea (Woei Hung & Kassim 2010). Other bond lengths 
and angles are in normal ranges (Allen, 2002). Both methylene carbamothioyl formamide, S1/01/N1/N2/C6/C7/C8/C9 and 
S2/02/N3/N4/C14/C15/C16 fragments of the benzoyl thiourea side arms are planar with maximum deviation of 0.060 (3)A 
for 01 atom and make dihedral angles of 87.00 (10)°. The dihedral angle between (CI — C6) and (C17 — C22) benzene 
rings is 86.4 (2)° to each other. There are four intramolecular hydrogen bonds forming three pseudo-six-membered ring 
[S1-H10A— C10— C9— N2— C8], [01-H2A— N2— C8— Nl— C7] and [02-H3A— N3— C15— N4— C16] and one 
pseudo-seven-membered ring [S2—H2A — N2 — C9 — C14 — N3 — C15] as compared to two intramolecular hydrogen bonds 
observed in l,2-bis(A''-benzoylthioureido) benzene (Thiam et al. 2008) and l,2-bis[A^-(2,2-dimethylpropionyl)thioureido] 
cyclohexane (Yusof et al. 2008). In the crystal structure, the molecules are linked by Nl — H1A - 02 and N4 — H4A - S2 
intermolecular hydrogen bonds (symmetry codes as in Table 2) into a zigzag chains along the a axis. 

Experimental 

To a stirring acetone solution (75 ml) of benzoyl chloride (0.04 mol) and ammonium thiocyanate (0.04 mol). 4-chloroben- 
zene- 1,2-diamine (0.02 mol) in 40 ml of acetone was added dropwise. The solution mixture was refluxed for 1 h. The 
resulting solution was poured into a beaker containing some ice cubes. The white precipitate was fdtered off and washed 
with distilled water and cold ethanol before dried under vacuum. Good quality crystals were obtained by recrystallization 
from ethanol. 

Refinement 

H atoms on the parent carbon and nitrogen atoms were positioned geometrically with C — H= 0.93A and N — H = 0.86 A, 
constrained to ride on their parent atoms with £/j S0 (H)=x£/ e q(parent atom) where x=\2 for both CH and NH groups. There 
are highest peak of 0.88A from H12A and deepest hole 0.91A from SI. 
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Figures 




Fig. 1. The molecular structure of the title compound, with displacement ellipsoids drawn at 
the 50% probability level. 



Fig. 2. A packing diagram of the title compound viewed down the a-axis. Hydrogen bonds are 
shown by dashed lines. 



1-Benzoyl-3-[2-(iV-benzoylthioureido)-5-chlorophenyl]thiourea 

Crystal data 

C22H17CIN4O2S2 Z=2 

M r = 468.97 F(000) = 484 

Triclinic, PI D x = 1 .4 1 7 Mg nT 3 



Hall symbol: -P 1 


Melting point = 458.5-459.5 K 


a = 9.637 (4) A 


Mo Ka radiation, X = 0.71073 A 


b= 10.820 (4) A 


Cell parameters from 2481 reflections 


c= 11.370 (4) A 


6= 1.8-25.5° 


a = 84.443 (8)° 


Li = 0.39mm _1 


(3 = 68.706 (8)° 


T=298K 


y = 86.551 (9)° 


Plate, colourless 


V= 1099.1 (7) A 3 


0.49 x 0.16 x 0.09 mm 


Data collection 




Bruker SMART APEX CCD area-detector 


4083 independent reflections 


diffractometer 


Radiation source: fine- focus sealed tube 


3107 reflections with / > 2a(I) 


graphite 


R int = 0.042 


Detector resolution: 83.66 pixels mm" 1 


Qmax = 25.5°, 9 m ; n = 1.8° 


co scans 


A = 1 1 >1 1 


Absorption correction: multi-scan 


£ = -13^13 


(SADABS; Bruker, 2000) 


T min = 0.928, T max = 0.965 


/ = 13^13 


12132 measured reflections 





2^ 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.066 
wR(F 2 ) = 0.173 
S= 1.08 

4083 reflections 
280 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = 1/[g 2 (F 0 2 ) + (0.0812.P) 2 + 0.6319P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap ma x = 0.79eA" 3 
Ap mi „ = -0.30eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


TJ- *IJJ 
^iso ' ^eq 


Cll 


0.16623 (15) 


0.60564 (10) 


0.11914 (13) 


0.0845 (4) 


SI 


-0.13518(13) 


0.32671 (13) 


0.50891 (12) 


0.0882 (5) 


S2 


0.50891 (11) 


0.17508 (8) 


0.38266 (10) 


0.0524 (3) 


Ol 


0.1820 (3) 


0.0277 (3) 


0.5716(3) 


0.0866 (11) 


02 


0.3898 (3) 


-0.1381 (2) 


0.2029 (3) 


0.0570 (7) 


Nl 


-0.0285 (3) 


0.1455 (3) 


0.6212 (3) 


0.0504 (7) 


H1A 


-0.1142 


0.1557 


0.6795 


0.060* 


N2 


0.1368 (3) 


0.2180 (3) 


0.4276 (3) 


0.0486 (7) 


H2A 


0.1939 


0.1630 


0.4482 


0.058* 


N3 


0.3678 (3) 


0.1001 (2) 


0.2425 (2) 


0.0400 (6) 


H3A 


0.3400 


0.0403 


0.2122 


0.048* 


N4 


0.4966 (3) 


-0.0519(2) 


0.3218(3) 


0.0439 (7) 


H4A 


0.5480 


-0.0695 


0.3695 


0.053* 


CI 


0.0621 (5) 


-0.1393 (4) 


0.7813 (4) 


0.0604 (10) 


H1B 


0.1408 


-0.1673 


0.7127 


0.072* 


C2 


0.0101 (6) 


-0.2134 (4) 


0.8932 (5) 


0.0743 (13) 


H2B 


0.0531 


-0.2919 


0.8994 


0.089* 


C3 


-0.1036 (6) 


-0.1724 (5) 


0.9943 (5) 


0.0819(14) 
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Atomic displacement parameters (A 2 ) 
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0.0052 (14) 


N2 


0.0436 (16) 


0.0429(16) 
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-0.0160 (14) 


0.0093 (13) 
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0.0491 (16) 
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0.0410(17) 0.0066 (13) 


-0.0148 (14) -0.0059 (13) 


C22 


0.052 (2) 


0.0411 (19) 


0.069(2) 0.0076 (16) 


-0.0261 (19) -0.0121 (17) 


C21 


0.064 (3) 


0.060 (2) 


0.087 (3) 0.024 (2) 


-0.040 (2) -0.010 (2) 


C20 


0.094 (3) 


0.036 (2) 


0.085 (3) 0.020 (2) 


-0.045 (3) -0.0045 (19) 


C19 


0.086 (3) 


0.0315 (18) 


0.081 (3) 0.0004 (18) 


-0.039 (2) -0.0004(18) 


C18 


0.053 (2) 


0.0397 (18) 


0.055 (2) 0.0037 (15) 


-0.0214 (17) -0.0054 (15) 


Geometric parameters (A, °) 








Cll— Cll 




1. /3U (J) 


C4 — rl4r> 


a mnn 
U.y3UU 


SI— C8 




1.031 (3 ) 


C3 — CO 


1 IOC /c\ 

1 .383 (3 ) 


S2— C15 




1.033 (3) 


C3 — H3A 


A A1AA 

u.y3uu 


Ol— C7 




1 Tin 
l.ZZU (4) 


Co — C / 


1 A Ol /C\ 

1.4sZ (3) 


02— CI 6 




1 ion //ia 
1.22V (4) 


cy — C 1 4 


1 1A1 /C\ 

i.3yi p) 


Nl— C7 




1.303 (4) 


cy — C 1 U 


1 mc ( a\ 
1.3y3 (4) 


Nl— C8 




1.3yy (4) 


C1U — Cll 


1 1*7C /C\ 

1.3 /3 (3) 


Nl— H1A 




A O/^AA 

U.ooUU 


pin TJ 1 A A 

C1U — hllUA 


A A1AA 

u.y3uu 


N2— C8 




1.3ZZ (4) 


ni 1 P 1 7 

Cll — Clz 


1.331 (0) 


N2— C9 




1 Af\Q (A\ 

1.4Uy (4 ) 


pi 7 p i "> 

C1Z — C13 


1 1QA /^A 

1 .384 (3 ) 


N2— H2A 




a o/;aa 
U.ooUU 


PH TT 1 7 A 

ClZ — hllZA 


A m AA 

U.y3UU 


N3— C15 




1.333 (4) 


pn pi I 

C13 — C14 


1 inc. /c\ 
1.3 /O (3) 


N3— C14 




1.431 (4) 


pn nn a 

C 1 3 — hi 1 3A 


A Al AA 

U.y3UU 


N3— H3A 




A O/^AA 

U.ooUU 


p i /: pn 

C 1 0 — C 1 / 


1.4oo (4) 


N4— CI 6 




1.301 (4) 


P 1 -7 P 1 O 

C 1 / — C 1 o 


1 1 Ol /c\ 

1.3oZ (3) 


N4— C15 




1 1 OA //I \ 

1.3yU (4) 


P 1 -7 p "> ~> 

CI / — CzZ 


1 1 O/l /c\ 

1.3s4 (3) 


N4— H4A 




a o/;aa 
U.ooUU 


p->-> P7 1 

CzZ — Cz 1 


1 1 Ol /c\ 

1.3o3 (3) 


CI— C2 




1.3 /y (o) 


POO ni OA 

CzZ — H 1 oA 


A AQAA 

u.y3uu 


CI— C6 




1 1 OA /C\ 

i.3yu (3) 


PH PTA 

Czl — CzU 


1 ICC f£\ 

1.333 (0) 


CI— H1B 




U.7JUU 


V^-Z, i — 1 1 1 / 1\ 


\j.y juu 


C2— C3 




1.358 (7) 


C20 — C19 


1.367 (6) 


C2— H2B 




0.9300 


C20 — H20A 


0.9300 


C3— C4 




1.383 (7) 


C19 — C18 


1.377 (5) 


C3— H3B 




0.9300 


C19 H21A 


0.9300 


C4— C5 




1.376 (6) 


CI 8— H22A 


0.9300 


C7— Nl— C8 




129.6 (3) 


Cll— C10— C9 


118.8 (3) 


C7— Nl— HI A 




115.2 


Cll— C10— H10A 


120.6 


C8— Nl— HI A 




115.2 


C9— C10— HI OA 


120.6 


C8— N2— C9 




130.2 (3) 


C12— Cll— C10 


123.1 (3) 
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po \n i n * 
Co — INZ — HZ A 


inn 

1 14. y 


pa "\to i n a 

CV — INZ — HZ A 


inn 

1 14. y 


PK \T1 P 1 1 /] 

CI J — IN 3 — CI 4 


m c /q \ 
123.J (3) 


/"II c mi I I "J A 

CI J — IN 3 — 1 1 -5 A 


no t 

1 lo.Z 


pi 1 /I XTQ TTQ A 

C14 — JN3 — 113 A 


HOT 

1 lo.Z 


ClO — JN4 — CI D 


lzy.3 (3) 


pi/: \t a 1 1 i a 

ClO — IN 4 — 114 A 


1 1 r ^ 
1 1 j. 4 


pic XT /I I I 1 A 

CI J — JN4 — 114 A 


I 1 C /I 

I I 3.4 


PO pi p/- 

Cz — CI — Co 


1 1 n n /a\ 

ny.y (4) 


PO pi I]! D 

CZ — C 1 — H 1 r> 


1 in n 
1ZU.U 


p/1 pi iiin 

Co — C 1 — rl 1 r> 


1 on a 
1ZU.U 


PQ PI PI 

C3 — Cz — C 1 


1ZU.3 (4) 


pq pi inn 
C3 — Cz — HZ r> 


lino 

i iy.o 


p i po i nn 
C 1 — Cz — HZB 


lino 

ny.o 


PO pQ p 1 

Cz — C3 — C4 


1 OA 1 //I \ 

1ZU.Z (4) 


pi pq mn 
Cz — C3 — rl 3 B 


imn 

i iy.y 


P/i pq ttio 
C4 — C 3 — H 3 13 


ny.y 


PC p /J pQ 

Cj — C4 — C3 


1 in i s a \ 
1ZU.3 (4) 


pc P/1 I I | r> 

CD — C4 — 11413 


1 1 Q Q 

i iy.y 


CI p A I I ,| T) 

C3 — C 4 — 114 13 


imn 

ny.y 


P/i pc p/: 

C4 — CD — CO 


1 1 O *7 / /I \ 

i iy. / (4j 


P/1 pc TTC A 

C4 — C j — H j A 


1 in o 
1ZU.Z 


( pc TTC A 

CO — Cj — HjA 


1 in o 
1ZU.Z 


PC P/T PI 

CD — Co — C 1 


ny.j (4) 


PC P /" p-7 

CD — Co — C / 


1 T] o /Q \ 

123.0 (3) 


P 1 p/: pa 

CI — Co — C/ 


110.0 (3) 


P"7 Ml 

Ol — C/ — IN 1 


1Z1 .U (3) 


( \ 1 p-7 P/C 

Ul — C/ — Co 


m a /q a 
1Z1 .4 (3) 


"NT 1 P"7 p 

IN 1 — C / — CO 


i n £ /q\ 
1 1 /.0 (3 j 


N? PR N1 

INZ, V- O IN 1 




N2 — C8 — SI 


128.4 (3) 


Nl — C8 — SI 


116.7 (3) 


C14 — C9 — CIO 


118.6 (3) 


C14 — C9 — N2 


118.1 (3) 


CIO — C9 — N2 


123.2 (3) 


P/l pi pi pQ 

Co — CI — Cz — C3 


— U.o (0) 


P 1 pi pQ P /I 

C 1 — Cz — C3 — C4 


A A SH\ 

-0.9 (7) 


PO pq p /i pc 

Cz — C3 — C4 — C j 


1.8 (7) 


PQ p /I pc P/T 

C3 — C4 — C D — Co 


-1.0(6) 


P/i pc p/: pi 

C4 — C j — Co — C 1 


A *7 K\ 

-0.7 (5) 


P/I pc p/: p-7 

C4 — CD — Co — C / 


1 *7A 1 /"3\ 
— 1 /y. / (3) 


( •-) pi p/r pc 

CZ — CI — CO — C J 


1.6 (6) 


PO p| p/ p-7 

Cz — CI — Co — C / 


—i /y.4 (4) 


PO TvT 1 P*7 P1 

C8 — N 1 — C7 — O 1 


0.0 (6) 


C8— Nl— C7— C6 


179.8 (3) 


C5— C6— C7— Ol 


159.2 (4) 


CI— C6— C7— Ol 


-19.8(5) 


C5— C6— C7— Nl 


-20.6 (5) 


CI— C6— C7— Nl 


160.4 (3) 



P 1 -) p 1 1 p! 1 

Clz — CI 1 — Cll 


1 lo.o (3) 


Pin p 1 1 pi 1 
C1U — Cll — Cll 


1 1 O A (1\ 

1 lo.U (3) 


p 1 1 P 1 O P1Q 

Cll — Clz — C13 


Ho.3 (3) 


p 1 1 p 1 -> un a 
Cll — C 1 Z — H 1 Z A 


1 OA Q 

izu.y 


pi i pn nn a 
C13 — Clz — H1ZA 


1 OA A 

izu.y 


Pl/I p 1 Q p 1 -> 

C 1 4 — C 1 3 — C 1 Z 


1 OA 6. /"I \ 

1ZU.0 {3 ) 


p 1 /| P1Q U 1 Q A 

C 1 4 — C 1 3 — H 1 3 A 


ny. / 


pn p 1 q nn a 

C 1 Z — C 1 3 — H 1 3 A 


no 7 

i iy. / 


pi 7 pn pn 

c 1 3 — c 1 4 — cy 


1 oa c n\ 
1ZU.J (3) 


PI 7 p 1 /I XTO 

C13 — C14 — IN 3 


| | O f /Q\ 

llo.J (3) 


pn pi /i mi 
cy — C 1 4 — IN 3 


1 OA A 

IzU.y (3) 


XTO p| C XT /I 

IN 3 — CI J — IN4 


ik n fi\ 

1 1 j.y (3) 


XT1 PK CI 

IN 3 — CI J — ol 


| 7< Q ZO\ 

1Z4.3 (Z) 


XT A PK CI 

IN 4 — CI D — oZ 


1 1 A O /OX 

ny.o (Z) 


Pi-) p|/T XT /I 

<JZ — ClO — JN4 


1 O 1 O (1 \ 

IZl.o (3) 


PjO p 1 /" p| 7 

<Jz — C 1 o — C 1 / 


1 O 1 C /"3\ 

Izl.D (3) 


~\ja p i /c pn 
JN4 — Clo — CI / 


IK 7 /Q\ 

llo. / (3) 


p| O p 1 -7 POO 

Clo — CI / — CzZ 


1 1 n & s?\ 
liy.O (3) 


PIQ p 1 -7 p i /: 

C 1 o — C 1 / — C 1 0 


1 1 -7 Q / Q \ 

117.3 (3) 


poo pn p 1 
CzZ — CI / — Clo 


1 Ol 1 

1Z3.1 (3) 


po 1 poo pn 
Czl — CzZ — CI / 


1 1 A A f1\ 

ny.4 (3) 


PO 1 POO T_J1 O A 

CZ 1 — CzZ — H 1 o A 


1 OA 1 

1ZU.3 


P17 POO T_J1 O A 

CI / — CzZ — HloA 


1 OA 1 

1ZU.3 


poa po 1 ni 
CzU — CZ 1 — CzZ 


1 OA 1 fA\ 

1ZU.3 (4) 


p O A PO 1 TJ1AA 

CZU — CZ 1 — H 1 y A 


1 1 A A 

i iy.y 


P11 POI TT1AA 

Czz — Cz l — 11 1 y A 


1 1 A A 

119.9 


p-> i poa pm 

Cz i — CzU — c i y 


1 OA A /O \ 

120.9 (3) 


P0 1 POA TJOA A 

Cz 1 — CzU — HZU A 


lift f 

ny.5 


p 1 pi pOA TJOA A 

c i y — CzU — HZU A 


lift f 

ny.5 


cio riQ riR 


1 1 Q 7 (d\ 

117./ ) 


C20 — C19 — H21A 


120.1 


C18 — C19 — H21A 


120.1 


C19 — C18 — C17 


120.0 (3) 


C19 — C18 — H22A 


120.0 


C17 — C18 — H22A 


120.0 


p 1 O p 1 Q p 1 /| PA 

c i z — c 1 3 — c 1 4 — cy 


A A K\ 

0.4 (5) 


p 1 O p 1 Q p 1 /I xti 

Clz — C13 — C14 — JN3 


1 / /.I (3) 


Pin pn pi yi pi 7 

c i u — cy — C 1 4 — C 1 3 


O A K\ 

-2.9 (5) 


"\TO PA p 1 /] P 1 Q 

JNZ — Cy — C14 — C13 


1 /O.y (3) 


Pin pn p 1 /i xto 
c i u — cy — C 1 4 — JN 3 


1 *7A c n\ 
—1 /y.D (3) 


"N.TO PA PI /I XT1 

JNZ — Cy — C14 — JN3 


O O Z/IA 

2.2 (4) 


PK XT'! PI /I p| 7 

C 1 J — IN 3 — C 1 4 — C 1 3 


1 AC 1 (A \ 
lUD.l (4) 


PK XT'! PI /I PA 

c i j — in 3 — c 1 4 — cy 


*70 O ( A\ 

— /o.Z (4) 


p i /I XTO p| f XT /I 

C14 — Hi — CI 5 — N4 


1 77 1 

-177.1 (3) 


C14— N3— CI 5— S2 


3.7 (4) 


CI 6— N4— CI 5— N3 


3.3 (5) 


CI 6— N4— CI 5— S2 


-177.5 (3) 


CI 5— N4— CI 6— 02 


-3.9 (5) 


CI 5— N4— CI 6— CI 7 


175.0 (3) 
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C9— N2— C8— Nl 177.6 (3) 

C9— N2— C8— SI -2.3 (6) 

C7— Nl— C8— N2 -4.2 (5) 

C7— Nl— C8— SI 175.7(3) 

C8— N2— C9— C14 -154.5 (3) 

C8— N2— C9— C 10 27 . 3 (6) 

C14— C9— CIO— Cll 3.8(5) 

N2— C9— CIO— Cll -178.1 (3) 

C9— CIO— Cll— C12 -2.4(6) 

C9— CIO— Cll— Cll 178.2(3) 

CIO— Cll— C12— C13 -0.1(6) 

Cll— Cll— C12— C13 179.3(3) 

Cll— C12— C13— C14 1.1(6) 



02— CI 6— CI 7— CI 8 -20.7(5) 

N4— CI 6— CI 7— CI 8 160.4 (3) 

02— C16— C17— C22 159.0 (3) 

N4— C16— C17— C22 -19.8(5) 

C 1 8— C 1 7— C22— C2 1 -0.4(5) 

C16— C17— C22— C21 179.9 (3) 

C 1 7— C22— C2 1 — C20 0.2 (6) 

C22— C21— C20— C19 -0.1 (7) 

C21— C20— C19— C18 0.3 (7) 

C20— C19— C18— C17 -0.6 (6) 

C22— C17— C18— C19 0.6(5) 

C16— C17— C18— C19 -179.6(3) 



Hydrogen-bond geometry (A, °) 



D—H-A 


D — H 


R-A 


D-A 


D — H 


N2— H2A-S2 


0.86 


2.86 


3.443 (4) 


127 


N2— H2A-01 


0.86 


1.91 


2.621 (5) 


140 


N2— H2A-N3 


0.86 


2.46 


2.791 (4) 


103 


N3— H3A-02 


0.86 


1.96 


2.642 (3) 


135 


CIO— H10A-S1 


0.93 


2.61 


3.173 (5) 


120 


Nl— H1A-02' 


0.86 


2.51 


3.328 (5) 


159 


N4— H4A-S2" 


0.86 


2.81 


3.476 (4) 


136 



Symmetry codes: (i) -x, -y, -z+1; (ii) -x+1, -y, -z+1. 
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